A simple and computationally feasible approach to feedback stabilization of a class of bilinear systems with unstable drift is presented. Stabilization is achieved in two stages: a reaching phase, in which the control drives the trajectories to a stable manifold; and a sliding phase, in which states are steered to the origin along an ensemble of stable manifolds.
Problem Definition and Assumptions
We consider the problem of global stabilization of homogeneous bilinear systems on R": For simplicity of exposition, we will explain our approach with reference to bilinear systems which, through the use of constant controls, yield linear systems with stable manifolds of cc-dimension one with respect to the state space. Our approach can be generalized to systems with stable manifolds of any co-dimension, as is later shown in terms of an example.
The following basic assumptions will be needed Al. There exists constant controls U* 'Af [UT, . . . , 2 1 3 such that the corresponding linear system with system matrix A(u') = A 0 + C L 1 u;Ak has n -l (stable) eigenvalues in @-. . . , Amx. The system (1.1) satisfies the LARC condition for accessibility, namely that where G(z) = span{z E R" I z = A z , A z E G } .
(1.1) is completely controllable in the sense that for any two points 20, zf E R" there exists a piecewise constant control which steers (1.1) from zo to zf in finite time. Remark 1.1 Assumption A1 implies that there do not exist constant controls such that Ao + Er=, ukAk is stable.
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The underlying idea of the feedback synthesis is simple and draws on variable structure control approach. The feedback control comprises the following two stages: 
which implies that the distance between the current state of the system using the control d and the stable subspace E' (U') is decreasing at a constant rate 17 as long as the closed loop trajectory evolves in the complement of N,Eb.
Once the system trajectory enters K E b , there might not exist a control U guaranteeing monotonic decrease in V . However, a decrease in V might still be achieved over a period of time by means of a sequence, 8, of constant inputs {yl), y2), . . . , ya)}, where each U ( < ) is applied to (1.1) for a time ~i , i = 1, ... s. Let E denote the sequence of times { E I , E Z , . . . , e S } , and let T = X t l ~i -Then, the state of (1.1) resulting from the application of (E, E) to this system with initial condition 5 at time t = 0, denoted by z(T; z) is given by where ecA(u)zx denotes the solution of x = A(u)z through 2 at t = 0 evaluated at t = E ; i.e esA(u)z denotes the flow of A(u)z. By virtue of the CBH formula, for sufficiently small times e, the composition of flows in (2.6) can be expressed steering the system from any initial point xo E R" \E" ( U * ) to the subspace E"(u*) in finite time. Under these conditions, the combined reaching and sliding phase controls:
(2.10)
provide an asymptatically stabilizing feedback control for system (1.1).
Noting that the regions of definition of u R ( z ) and us(z) are overlapping, definition (2.10) should be interpreted as one delivering a switching control u with the switches occurring at time instants in which the closed loop system trajectory leaves any region currently traversed, be it S or the complement set of ES(u*).
Example
Consider a single-input bilinear system on R3 with matrices:
In this example A(u) = A0 + Alu has only one stable eigenvalue regardless of the choice of U E l k The set S is then a collection of one dimensional subspaces E", where: (3.12)
Here d(u) denotes the eigenvector corresponding to the stable eigenvalue X(u). It is now convenient t o consider a control Lyapunov function V(z) which is defined as the distance The reaching phase control U'(%) is hence defined as:
whenever z # N,Eb, with K > 0 and
It is easy to check that Ed C E*, thus in the process of reaching E" it is inevitable for the state of the controlled system to enter the set N e E b . This necessitates the construction of the time-varying component of the reaching control (ti, E).
Let XO = Aoz and X1 = Alz. The stabilization of (3.11), by means of (2.8)and the sliding phase control with U* = 0 is shown in Fig. 1 
